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1
PREPARATION OF CYCLIC ETHERS

This application is a division of application Ser. No.
07/769,644, filed Oct. 2, 1991, now U.S. Pat. No.
5,196,552.

This invention relates generally to functionalized
polyalphaolefin oligomers useful in lubricant applica-
tions and more particularly to unsaturated polyal-
phaolefin oligomers which have been reacted with alde-
hydes to form cyclic ethers.

Alpha-olefin oligomers (PAO’s) derived from Cg or
higher alpha-olefin monomer and their use as functional
fluids and synthetic lubricants are well known. Such
oligomers are usually hydrogenated to improve their
oxidation resistance and are known for their superior
properties of long-life, low volatility, low pour points
and high viscosity indexes which make them a premier
basestock for state-of-the-art lubricants and hydraulic
fluids. A problem associated with such basestocks is
that polar lubricant additives are generally less soluble
in PAO’s than in mineral oils. Therefore, PAQ’s have
been reacted with compounds which contain polar
groups, such as phenols, in order to improve their com-
patibility with polar additives. According to the Prins
reaction, alkenes react with aldehydes such as formalde-
hyde in the presence of acid catalysts to produce, de-
pending upon the reaction conditions, unsaturated alco-
hols, 1,3-glycols and/or dioxanes. Surprisingly, we
have found that when unsaturated PAQ’s are reacted
with aldehydes the adducts are mono- and/or polycy-
clic ethers. These cyclic ethers can abe used as lubricant
additives and especially as additives in PAO based lu-
bricants.

In accordance with this invention there are provided
a mixture of cyclic ethers prepared by the process com-
prising reacting an unsaturated olefin oligomer derived
from an alpha-olefin monomer containing from about 6
to 20 carbon atoms with an aldehyde in the presence of
an acid catalyst.

Also provided is a process for preparing a mixture of
cyclic ethers comprising reacting an unsaturated olefin
oligomer derived from an alpha-olefin monomer con-
taining from about 6 to 20 carbon atoms with an alde-
hyde in the presence of an acid catalyst.

The preparation of alpha-olefin oligomers is well
known. For example, U.S. Pat. No. 3,113,167 describes
an alpha-olefin oligomer process using a titanium halide
and an aluminum compound as the oligomerization
catalyst.

Other suitable catalysts for making alpha-olefin oligo-
mers are Friedel-Crafts catalysts such as boron trifluo-
ride (BF3) as disclosed in U.S. Pat. No. 3,149,176. Opti-
mum Jubricant properties are obtained starting with
1-decene although mixtures of alpha-olefins have been
used cf. U.S. Pat. No. 3,330,883. Pure BFj is not an
effective oligomerization catalyst. A small amount of
polar compound is necessary as a promoter. U.S. Pat.
No. 3,382,291 describes the use of alcohol promoters
such as decanol. Alcohols containing about 1-8 carbon
atoms such as methanol, ethanol, isopropanol, n-
propanol, n-butanol, isobutanol, n-hexanol and n-
octanol can also be used. A preferred promoter is n-
butanol. Other promoters include, for example, mor-
denite (hydrogen form), water, phosphoric acid, fatty
acids (e.g. valeric acid), aldehydes, ketones, organic
esters, ethers, polyhydric alcohols, silica gel and the
like.
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The amount of promoter is an amount that causes the
BF3to act as an oligomerization catalyst. A useful range
is about 0.'to 2.0 weight percent of the alpha-olefin.

Methods of conducting a BF3 catalyzed oligomeriza-
tion process are well-known. In one mode, BFj is
merely bubbled through the alpha-olefin reaction mix-
ture containing a promoter during the oligomerization.
Generally, the process is conducted under BF3 pressure.
A useful pressure is about 1-100 psig and especially
5-50 psig.

Alpha-olefins most useful in preparing synthetic lu-
bricant oils are mainly linear terminal olefins containing
about 8-12 carbon atoms such as l-octene, 1-decene,
I-dodecene and the like including mixtures thereof. The
most preferred alpha-olefin is 1-decene or an olefin
mixture containing mainly, for example at least 75
weight percent 1-decene.

Generally, reaction temperatures are about 20°-50°
C. and especially about 25°—40° C.

The oligomer products are mixtures which include
varying amounts of dimer, trimer, tetramer, pentamer
and higher oligomers of the monomer, depending upon
the particular alpha-olefin, catalyst and reaction condi-
tions. The products are unsaturated and usually have
viscosities ranging from about 2 to 100 ¢St and espe-
cially 2 to 15 ¢St at 100° C

Preferred oligomer products for use in preparing the
cyclic ethers of the invention are dimers of 1-decene
(Ca0Hap).

Preferred aldehydes for use in the invention are the
aliphatic aldehydes, formaldehyde, (including para-
formaldehyde) and acetaldehyde which provide cyclic
aliphatic ethers.

Effective acid catalysts for the process include Lewis
acids such as, for example, zinc chloride, stannic chlo-
ride, TiCls, BF3 etherate, alkyl aluminum halides (e.g.
methyl aluminum dichloride and dimethyl aluminum
chloride) and the like. Sulfuric acid (50%) and Amberl-
ist 15 did not provide any yield of product under the
conditions tried.

The reaction can be carried out neat but yields are
improved by the use of an organic solvent and espe-
cially a halogenated organic compound. Examples of
suitable solvents include methylene chloride, dichloro-
ethane, acetic acid, hexane, heptane, xylene, ether, and
the like, including mixtures thereof.

Reactant to catalyst ratios can vary and are selected
to provide optimum yields for any particular olefin,
aldehyde and catalyst combination. Molar ratios of
alpha-olefin to aldehyde to catalyst can range, for exam-
ple, from about 1:0.5:0.05 to about 1:4:2.

The process can be carried out at ambient tempera-
tures but higher or lower temperatures can also be used,
for example from about 0° C. to 90° C. When used, the
amount of solvent is not particularly critical and gener-
ally ranges from about 60 to 85 weight percent of the
total amount of reaction mixture.

The reaction mixture is washed to remove the cata-
lyst and excess aldehyde, dried and then concentrated
to remove the solvent such as by vacuum evaporation.

The cyclic ethers derived from olefin oligomer 1 are
believed to contain both five and six membered rings.
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where R}, R2, and R3 are Cj to about Csp alkyl and R4
is C) to Cy alky! or hydrogen.

Cyclic ether products include those having the fol-
lowing structures II, III and I'V:

4

product of a BF3promotor catalyzed dimerization of
1-decene, were added to a 100-ml] flask with a nitrogen
purge. With stirring, 2.00 grams of paraformaldehyde
(66.7 mmol! of formaldehyde) were added to the solu-
tion. Finally, BF3 was bubbled through the solution for
one minute, and the solution was left to stir at room
temperature for 18 hours. The solution was washed
with ethyl ether and dilute sodium bicarbonate. The
aqueous layer was removed, and the solution was

0 washed one final time with water. The two layers were

separated, the organic layer was dried over magnesium
sulfate and the solution was then concentrated using a

2 1 pé II .
RO RUR rotoevaporator. Gas chromatography shows the yield
of products to be 96%. Mass spectrometry indicates
15 that the two products have molecular weights of 322
g/mol monocyclic ether (38% yield by GC) and 364
g/mol dicyclic ether (58% yield by GC).
EXAMPLES 2-11
where n=1or 0
20  The procedure of Example 1 was generally followed
m using the CyoHap olefin except using different catalysts,
solvents, and reaction times and temperatures. The pro-
cess parameters and results are reported in Table I.
TABLE 1
Exam- Mole Ratio Time Yield Yield Breakdown
ple  Catalyst  Solvent Aldehyde Olefin/Aldehyde/Catalyst  Temp. Hrs % Mone!  Di? Unk.3
2 SnCly Methyl Chloride Formaldehyde  1:3.7:0.05 RT 18 31 31 <1
3 SnCls Dichloroethane Formaldehvde  1:3.7:0.05 Reflux 4 81 47 34
4 BF: Methylene Chloride Formaldehyde  1:1.1:excess RT 8 64 64 <1
5 BF;E12O Dichloroethane Formaldehyde 1:1.1:0.05 RT 4 32 32 <1
6 BF3E1>O Dichloroethane Formaldehvde 1:1.1:0.05 Reflux 18 60 60 <1
7 BF3i:E120 Hexane Formaldehyde  1:1.1:0.05 RT 18 32 24 6 2
8 BF3iE10 Methylene Chloride Formaldehvde  1:3.7%:0.05 RT 56 47 24 4 19
9 BF; DCE/Acetic Acid Formaldehyde 1:1.1:excess RT 18 ! 71 0
10 BF; DCE/Acetic Acid  Formaldehvde  1:1.1:excess RT 42 80 38 0 413
11 BF: Acetic Acid Formaldehyde  1:1.l:excess RT 18 55 49 6
12 BF: Dichloroethane Acetaldehvde 1:1.1:excess RT iR 54 S0 <1

lMonncycIic ether

“Dicychic ether

*Unidentified

*Bubbled into the reaction miygare R}
5Pmbab|y polymer

R!
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Structures III and IV are derived from I when R4 is
hydrogen and structure II where R4 is alkyl. Because
the starting PAO’s are complex mixtures of isomers, the 55
cyclic ether products are also mixtures.

The ethers can be hydrogenated to form saturated
compositions by standard hydrogenation procedures
using, for example, platinum, nickel or palladium cata-
lysts. Such hydrogenation provides lubricating oils hav- 60
ing improved oxidation resistance compared to the
unsaturated compositions.

The invention is further illustrated by, but is not in-
tended to be limited to, the following examples.

EXAMPLE 1

Approximately 40 ml of anhydrous dichloroethane
and 5.00 grams (17.8 mmol) of CygHsg, which is the

The solubility of a sulfurized isobutylene (5 wt. per-
cent) in a 40 ¢St (100° C.) polyalphaolefin base oil was
improved by about 37%, as measured by a decrease in
turbidity from 94.6% to 59.8%, by adding 5 wt. percent
of the cyclic ether product mixture from Example 1 to
the base oil.

What is claimed is:

1. A process for preparing a mixture of cyclic ethers
said process comprising reacting a mixture of an oligo-
mer derived from an alpha-olefin, monomer containing
from about 6 to 20 carbon atoms and an aliphatic alde-
hyde in the presence of an acid catalyst.

2. The process of claim 1 wherein said catalyst is a
Lewis acid.

3. The process of claim 1 wherein the mixture in-
cludes an organic solvent.

4. The process of claim 3 wherein the oligomer is
derived from 1-decene, the catalyst comprises BF3, the
organic solvent is a halogenated organic compound, the
aldehyde is a formaldehyde or acetaldehyde and the
ratio of alpha-olefin to aldehyde to catalyst ranges from
about 1:0.5:0.05 to 1:4:2.

5. The process of claim 4 wherein the oligomer is
I-decene dimer, the catalyst is selected from BF3, BFs-
Et>0 and SnCly, and the solvent is selected from methy-
lene chloride and dichloroethane.
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6. The process of claim 1 wherein said oligomer is 8. The process of claim 7 wherein the Friedel-Crafts
derived from the Friedel-Crafts catalyzed oligomeriza- ~ catalyst is a BFs-promotor complex.

tion of the alpha-olefin. 9 The process of claim 1 including hydrogenating
said mixture.

7.' The process of claim 4 wherein said oligomer is 5 19 The process of claim 4 including hydrogenating
derived from the Friedel-Crafts catalyzed oligomeriza- said mixture.

tion of the alpha-olefin. * * K *
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